The effects of liquid depth, inclination angle of the column from vertically and baffle plates on gas holdup in bubble columns were determined, using three bubble columns. When liquid depth //, was less than the critical liquid depth Hlc, gas holdup sg decreased with increasing Hh but when Ht was larger than Hlc, sg was nearly constant. sg decreased with increasing column inclination angle, and the effect on sg was correlated. sg wasindependent of the cross-sectional shape of the column. Baffle plates set in bubble columns increased sgi and the effects of the area and number of baffle plates on sg were correlated.
Introduction
Bubble columns are widely used as gas-liquid reactors. Gas holdup is a very important parameter in the bubble column and has been widely investigated. The effects of many parameters such as gas and liquid velocity, column diameter, conditions of gas distributors and liquid properties have been clarified.1'2'4~7) But the effects of liquid depth, inclination of the column from verticality and baffle plates on gas holdup remain obscure. The effect of liquid depth on gas holdup has been reported by the authors.6) But the findings were not sufficientto estimate the effect quantitatively. The effects of column inclination on the fluidized bed have been reported by Nishi3) in relation to plants aboard ship, but for bubble columns there have been no reports about this effect.
In bubble column research, columns without obstacles inside have been used. But commercial bubble columns with internal obstacles such as heat exchangers are sometimes used. So it is useful to determine the effects of such obstacles.
In this work, the effects of liquid depth, column inclination and baffle plates on gas holdup were experimentally determined, using three kinds of bubble columns, and the results were discussed and correlated.
Experiments
Three kinds of bubble columns were used in this Whenthe effects of inclination of the column from verticality on gas holdup were measured, the column was inclined by angle 6, as shown in Fig. 1 .
When the effect of cross-sectional shape of the column on gas holdup was measured, the circular column (No. 1 column in Table 1 ) and the semicircular column (No. 2 column in Table 1 ) with the single nozzle as gas distributor were used. Whenthe effect of baffle plates on gas holdup was measured, baffle plates made of vinyl chloride resin (/=5mm) were set in No. 1 bubble column (DT= 16cm) with the single nozzle as gas distributor, as shown in Fig. 2 . Two kinds of baffle plates were used, circular and plates were supported by a center pole (a in Fig. 2) with rubber stoppers. The center pole was made of steel pipe (13mmdiameter and 130cm long), and was fixed by acrylic resin plates (c in Fig. 2 , t= 10mmand W=30mm). The non-circular baffle plate (b in Fig. 3 above which gas holdup is independent of Hh can be obtained from these figures. Figure 6 shows Hlc obtained from Figs. 4 and 5. From Fig. 6 where Hlc and Vg are expressed in cm and cm-s"1, respectively.
Effect of column inclination
No. 3 column (DTà"=8cm) was used. Figure 7 shows an exampleof the results. It is clear from this figure that gas holdup decreases with increasing angle 6. The 
where mis constant and sgo is gas holdup in the case of 0=0. 0=0 means that the column is vertical. 2.3 Effect of cross-sectional shape of the column Gas holdup was determined using No. 1 circular column and No. 2 semi-circular column. In both columns, the gas distributor was the single nozzle. Figure 10 shows the results. From Fig. 10 , it is clear that there are no differences of gas holdup between the circular column and the semi-circular column.
Effect of circular baffle plates
No. 1 column with the single nozzle as gas distributor was used. The arrangements of baffle plates are shown in Fig. 2 . (9) with sgo.
where ego is gas holdup in the case ofd=0. Figure 12 shows the results. From this figure, it is found that when TVis small, gas holdup increases rapidly with N, but that when N is larger than 4, gas holdup increases gradually with N. This is because it becomes more difficult for gas bubbles to enter the spaces between baffle plates with decreasing distance between baffle plates. Figure 13 shows £g vs. N/(N+1). From Fig. 13 , the following relation can be obtained: (eg^J/sgoccN/(N+ l)
Effect of number of baffle plates N
where sgo is gas holdup in the case ofN=0. 2.4.3 Effect of height of baffle plate The effect of height ofa baffle plate from the bottom of the column was determined. Experimental conditions were as follows: d=15cm, N=l and Ht~130cm. Figure 14 shows the results. From Fig. 14 , it is found that eg is maximumat h=60-90cm. 2.5 Effect of width of non-circular baffle plate No. 1 column with the single nozzle as gas distributor was used. The non-circular baffle plate (b in Fig. 3 ) was used. Experimental conditions were as follows: N=l, h=120cm,^5mm, H^130cm. increases gradually with dimensionless area S/ST. The reason is that gas bubbles are more held with increasing area S under the baffle plate. From Fig. 15 The effects of liquid depth, inclination angle of the column and baffle plates on gas holdup in bubble columns were studied, using three kinds of bubble columns, and the following information was obtained.
1) Whenliquid depth Hl is less than the critical liquid depth Hlc, gas holdup decreases with increasing Ht, but when Hl is larger than Hlc, gas holdup is nearly constant. Hlc was correlated by Eqs. (l)-(3).
2) Gas holdup decreases with increasing inclination angle 9 of the column, and the effect was correlated by Eqs. (4) and (5). VOL. 18 NO. 4 1985 3) Gas holdup is independent of cross-sectional shape of a bubble column. 4) Gas holdup increases with the area of the baffle plates and the numberof circular baffle plates, and the effects were correlated by Eq. (9). 5) Gas holdup increases with height h and becomes maximum at h=60-90cm. After that, sg decreases with increasing height h.
